INTRODUCTION
This paper examines the acoustic properties of a subset of American English vowels before /r/--specifically, the mid and low front vowels in the MARY, MERRY, and MARRY classes. The dialectal variation associated with the MARY, MERRY, and MARRY classes is well known in the sociolinguistics literature. Labov, Ash, and Boberg (2006:56) report: "The great majority of North Americans pronounce Mary, merry, and marry as the same. A contrast of all three is maintained in the Mid-Atlantic states." They also note that some speakers have a partial merger, with merry and marry distinct from each other (and merry presumably merging with Mary). However, the precise phonetic nature of these vowels has not been well studied. Labov et al. transcribe the unmerged vowels as /eɪ/, /ɛ/, and /ae/, respectively, but these labels are largely impressionistic.
The present study samples speakers from the Mid-Atlantic region of the United States, where a three-way distinction between MARY, MERRY, and MARRY persists. The primary finding of this study is that, contrary to previous descriptions, the MARY vowel is acoustically closest to a tense (raised and fronted) variant of /ae/, and shows little overlap with /eɪ/.
METHODOLOGY Stimuli
The stimuli for the vowel production experiment included 16 words containing the MARY (AIR), MERRY (ER), or MARRY (AR) vowels. An additional 27 words containing the nonrhotic mid/low front vowels /eɪ/, /ɛ/, and /ae/ were also used, for a total of 43 target words. The choice of stimulus words was constrained by several phonetic considerations, for ease of segmentation and to control for the effect of the surrounding environment on the vowel as much as possible. All stimuli took the shape CVC(V). In the C positions, aspirated stops and affricates were avoided, as were glides and liquids (with the obvious exception of coda /r/ in AIR/ER/AR words). Each target vowel (with the exception of ER and AR, which do not appear in monosyllables in English) appeared in both monosyllabic and disyllabic words, matched for phonetic environment as much as possible. Because the target words appeared within sentences (to be described below), strict phonetic control was sometimes sacrificed in the interest of naturalness. Table 1 summarizes the rhotic words used as stimuli. Table 2 shows the nonrhotic stimuli used. In the case of /ae/, many different environments were tested because of wide variation in the realization of this vowel. At minimum, /ae/ before nasal and non-nasal consonants must be compared (as in Major and Shousterman 2007) , because of the prenasal raising of /ae/ that occurs in most dialects of American English. Furthermore, in some dialects, the historical /ae/ class is divided into "tense" (raised and fronted) and "lax" (lower and backer) realizations, based on a complex set of phonological and lexical conditions. This "short-a split" (Labov et al. 2006) , and its consequences for the analysis of the present data, will be described in more detail in the results section. For now, it will suffice to say that the /ae/ stimulus category included nasal and non-nasal, monosyllabic and disyllabic, and monomorphemic and bimorphemic stimuli. The target words were embedded in 43 different, unrelated sentences. The 43 sentences were constructed to be reasonably natural-sounding, while still controlling for phonetic context as much as possible. All target words were preceded by 3 or 4 syllables and followed by a minimum of 5 syllables. Monosyllabic words with coda /r/ were always followed by an obstruent to facilitate segmentation. Table 3 provides some example sentences. 
Experiment
The participants were 10 native speakers of American English (8 female and 2 male) who grew up in areas identified as having a three-way distinction (Labov et al. 2006) . Participants ranged in age from 19 to 72 years old (mean age = 25.9, median = 21 years). Despite efforts taken to recruit participants who would be likely to have a three-way distinction, some participants displayed a partial or complete merger; inter-speaker variation in this respect will be discussed in the following section. Participants were recorded in a sound-attenuated booth using a Zoom H4n recorder and either an Audio Technica ATM75 or Shure WH30 headset microphone. Table 4 lists the experiment participants, their age, and the area where they spent the majority of their childhood. Participants read the sentences aloud, presented one at a time in one of two pseudorandom orders (sentences with MARY-MERRY-MARRY words never appeared next to each other).
ANALYSIS

Acoustic analysis
TextGrid files were created for each recording using the Penn Phonetics Lab Forced Aligner (Yuan & Liberman 2008) and the files were then analyzed in Praat (Boersma & Weenink 2012) . The TextGrid files were manually checked and edited for accuracy. For the target words with nonrhotic vowels, formants were extracted at 25, 50, and 75 percent of the vowel using a Praat script. For the target words with prerhotic vowels, formants were extracted at 25, 50, and 75 percent of the /Vr/ sequence. In the case of disyllabic words with intervocalic /r/, the end of the /Vr/ sequence was identified as the point where F3 began to rise after initially falling. The choice of timepoint for analysis varied depending on the vowel, and will be discussed in more detail in the next section. Figure 1 below shows spectrograms of two target words uttered by Speaker 01F, with the cursor indicating the 50% mark. 
Plotting and statistical analysis
The automatically extracted formant values were first plotted using NORM (Thomas & Kendall 2010) , and checked for outliers. Any outliers were then manually checked and their formant values corrected, if necessary. This process was repeated throughout the analysis.
A note on vowel normalization is in order: Vowel normalization techniques allow for the vowel spaces of multiple speakers to be meaningfully compared by accounting for physiological differences between individuals, and NORM makes several vowel normalization methods available. However, none of the available methods were considered fully appropriate for the data described here, for one or more of the following reasons (for a more complete description of vowel normalization methods, and normalization in general, see "Methods" and "About Vowel Normalization" on the NORM webpage):
1) The method is heavily dependent on F3, meaning that rhotic and nonrhotic vowels can't be meaningfully compared; 2) The method works best when all the vowels of a speaker's system are included;
3) The method works best for studies with a very large number of speakers.
Because none of the available normalization techniques was appropriate for the data, the following graphs and statistical analyses are based on non-normalized formant values, which should be kept in mind when interpreting the results.
RESULTS
Speakers and mergers
As stated above, although speakers were recruited from areas identified as having a three-way distinction, there was substantial variation in the realization of the MARY, MERRY, and MARRY word classes among these ten speakers. Some had a three-way distinction, some a complete merger, and some a partial merger. The presence or absence of a distinction in a speaker's vowel system was determined by a one-way ANOVA of the F1 and F2 values of their AIR/ER/AR tokens at 25% of the /Vr/ sequence, with pairwise comparisons using Tukey's HSD. In reporting the results below, a significant result indicates a p-value of less than .05. On the basis of the ANOVA results, the 10 speakers were classified into the three groups shown in Table 5 . A representative graph from each group is shown below, along with that speaker's mean F1 and F2 values for each rhotic vowel. In the following figures, ellipses represent one standard deviation from the mean. FIGURE 2. Example of a three-way distinction (Speaker 01F -Nassau County, NY).
Speaker 01F (Nassau County, NY) is representative of speakers with a three-way distinction. A one-way ANOVA shows a significant effect of vowel category on F1 [F(2, 33) = 24.976, p < .001] and F2 [F(2, 33) = 28.210, p < .001]. Pairwise comparisons confirm that AIR, ER, and AR are all significantly different in F1. ER and AR are not significantly different in F2, but they are both significantly different from the F2 of AIR. In fact, for none of the speakers were ER and AR found to be significantly different in F2; hence, this distinction was taken to be primarily one of height. Speaker 01F's mean F1 and F2 values for the are given in Table 6 . Speaker 03F (Philadelphia) shows a partially merged system. A one-way ANOVA shows a significant effect of vowel category on F1 [F(2, 33) = 6.504, p = .004] and F2 [F(2, 33) = 8.557, p = .001]. Pairwise comparisons show that AIR and ER do not differ significantly in F1 or F2; however, they both differ significantly in F1 from AR. Moreover, AIR and AR differ significantly in F2. Speaker 03F's mean F1 and F2 values are given in Table 7 . Because the focus of this paper is the quality of the MARY vowel for speakers with a three-way distinction, those speakers with a partial or complete merger will not be discussed further here. Thus, the results in the remainder of this paper are based on only the five speakers classed above as 'Distinct'.
Variation in /ae/
As mentioned in the previous section, a variety of /ae/ stimuli were included because of the known variability of this vowel and the complex conditioning of that variation. In many dialects of American English, the class of words historically containing /ae/ (also known as "short-a") is split into a tense (higher and fronter) variant and a lax (lower and backer) variant, depending largely on the following context. However, the actual conditioning of the variants is very complex-in addition to dialectal variation, Labov et al. (2006) document a number of lexical exceptions and idiosyncratic differences, and note that speakers also show variation in how they split up the spacesome speakers show an abrupt split between tense and lax tokens, while others show a continuum of short-a realizations. More recent work has documented even further complexity and diversity in short-a systems (e.g., Ash 2002, Dinkin 2011, for Upstate New York; Becker & Wong 2010 for NYC). Moreover, as De Decker & Nycz (2012) found, even speakers within a relatively small, homogenous dialect area can display qualitatively different systems. Ultimately, then, the conditioning of short-a variants may be idiosyncratic and idiolectal.
In the present study, no consistent pattern was found. While all the speakers showed some form of a short-a split or continuum, no two speakers showed exactly the same division of lexical items into tense and lax variants. Because of this variability, and the lack of an objective standard as to what constitutes a "tensed /ae/", an alternative method of coding /ae/ tokens as tense or lax was needed. Tokens were coded as follows: for each speaker, the average F1 and F2 of all their (nonrhotic) /ae/ tokens was calculated. Only tokens that were both higher and fronter (that is, having a lower F1 and higher F2) than average were coded as tense; all other tokens were coded as lax. This method of calculation is very simplified, and undoubtedly makes some miscategorizations in the case of speakers who have a discrete split, but it has the advantage that it can be applied to all speakers without exception, regardless of their type of short-a system. In the following vowel plots, tense /ae/ will be represented by the symbol AE+ and lax /ae/ by the symbol AE (/eɪ/ and /ɛ/ will be represented as EY and EH, respectively).
Comparing rhotic and nonrhotic vowels
The below graph shows mean formant values for each vowel among the distinct speakers (ellipses represent one standard deviation from the mean). The following formant measurements are used: for the rhotic vowels (AIR/ER/AR), and for the nonrhotic diphthong (/eɪ /), the F1 and F2 values at 25% into the vowel (or /Vr/ sequence) are used. For the other vowels (tense and lax /ae/, /ɛ/), the F1 and F2 values at 50% into the vowel are used. These values are thought to represent roughly the "midpoint" of the nucleus of each vowel, and so from here on will be referred to as midpoint measurements. As above, pairwise comparisons use Tukey's HSD with an alpha of .05. Figure 5 shows the combined mean formant values of the rhotic and nonrhotic vowels for the five 3-way distinct speakers. In general, AR overlaps with lax /ae/, and ER with /ɛ/. AIR overlaps considerably with tense /ae/, and not much at all with /eɪ/. Mean F1 and F2 values for each vowel are given in Table 9 . Pairwise comparisons confirm that AIR, ER, and AR do not differ significantly from their closest nonrhotic neighbors in F1 or F2. These results suggest that the traditional transcriptions of MERRY and MARRY words as /ɛr/ and /aer/, respectively, is accurate, at least for these speakers. On the other hand, there is little evidence for the transcription of MARY words as /eɪr/ or /er/. For these speakers, the MARY vowel would more accurately be transcribed as /ae ̟ r/.
CONCLUSIONS AND DISCUSSION
This paper has reported on the AIR, ER, and AR vowels of a sample of American English speakers from the Mid-Atlantic United States. A new finding is that, for speakers who maintain a three-way distinction, the nucleus of the AIR vowel closely corresponds to nonrhotic tense /ae/. Contrary to previous reports, the quality of the AIR vowel showed little similarity to /eɪ/. The only reason to prefer /eɪ/ is, perhaps, that it exists as an independent phoneme of English, while tense /ae/ has hitherto not been recognized as one. The suggestion that tense /ae/ should be treated as a phoneme is not, however, a new one. The complex conditioning of short-a variants, as described above, with its numerous exceptions, has led to some debate as to whether the split should be characterized as allophonic or phonemic. The results of the present study may be further evidence for the status of tense /ae/ as a phoneme, at least for some speakers of American English. If tense /ae/ is treated as an allophone of /ae/, the distribution of the vowels in prerhotic position-the fact that Mary and marry contrast for some speakers-cannot readily be explained. On the other hand, recent work (such as Ash, 2002; Becker & Wong, 2010) has suggested that the complex NYCE short-a system is being lost in favor of a simpler nasal system which can be more readily accounted for in terms of allophony. One possibility is that the merger of MARY and MERRY, and the shift to a nasal system, are related events, both involving the loss of tense /ae/ as a phoneme. However, much more extensive dialectological data would be needed to draw any conclusions on this point.
